Anatomia comparada e importância filogenética da musculatura branquial em tubarões da superordem Galeomorphi (Chondrichthyes:Elasmobranchi)
Comparative anatomy and phylogenetic importance of the branchial musculature in sharks of the superorder Galeomorphi (Chondrichthyes:Elasmobranchi) Introduction
Musculature associated with the visceral skeleton and its use in systematic studies
The musculature associated with the visceral arches (jaws, hyoid and branchial arches) is an anatomical complex yet to be fully explored in a phylogenetic context in Chondrichthyes. Many studies have described and analyzed these muscles, but their focus was usually directed towards a better understanding of the feeding and ventilation adaptations (Wilga, 1997 (Wilga, , 2008 Motta & Wilga, 2001; Motta et al., 2005; Motta & Huber, 2012; Dolce & Wilga, 2013; Wilga & Ferris, 2016) . Some studies from the beginning of the twentieth century provide accurate anatomical descriptions that are useful in phylogenetic analyses, but they are based on different approaches to classification, and were carried out before the onset of cladistic analysis (Allis Jr., 1917 , 1920 , 1923 Edgeworth, 1935; Marion, 1905; Vetter, 1874) .
A recent work that uses the potential phylogenetic value of visceral musculature is Miyake et al. (1992) . Based mostly on the observations made by Edgeworth (1935) , Miyake et al. evaluated how the muscles in the ventral region of the gill arches were modified in the evolution of rays, by comparing batoid orders with sharks and with each other. They found important results such as, for example, a muscle called "X" was found only in electric rays (Torpediniformes) and the authors suggested that this would be the same structure Edgeworth called m. intermandibularis profundus. Another example is a muscle recognized only in Batoidea, but with uncertain homology among other Chondrichthyes: the m. spiracularis. This shows the great unexplored potential this anatomical complex has in helping us to better understand phylogenetic issues. This work also elaborated a list of synonyms for muscles, listing the names of muscles that were thought to be homologous in an attempt to stabilize their nomenclature using both the origin and insertion points and embryonic development to propose homologies. They considered that both insertions and origins are conservative in muscles. They also analyzed some papers that considered other criteria to propose homology, such as the innervation of muscles.
Another study (Soares & Carvalho, 2013b) of the morphology and subsequent description of the musculature associated with the jaws and the hyoid arch allowed a better understanding of the family Chlamydoselachidae, and its sole genus, Chlamydoselachus, previously included in the order Hexanchiformes. It was found that this family has no muscular characters in these arches that indicate a closer relationship of the family inside this order as found by previous authors that found this same arrangement based on other characters (Thies, 1987; Shirai, 1992) . In another study, the same authors (Soares & Carvalho, 2013a) , found evidence from the same muscles that reinforced the hypothesis that Orectolobiformes are the sister-group to Heterodontiformes within Galeomorphi, and not the sister-group of Lamniformes + Carcharhiniformes as previously advocated (Compagno, 1973 , Thies & Reif, 1985 .
These papers illustrate the diversity of anatomical studies of muscles addressing chondrichthyans. There are more examples if we consider actinopterygians, such as Winterbottom (1974 Winterbottom ( , 1993 , Howes (1976) , Springer et al. (2004) , Datovo & Bockmann (2010) , Wiley & Johnson (2010) , Datovo & Vari (2013 , 2014 , Datovo, de Pinna & Johnson (2014) and Springer & Johnson (2015) . All these authors used this anatomical complex to some extent (as the main data set or as additional data) to better understand the interrelationship of groups in different phylogenetic levels. As an exemple, the latter study (Springer & Johnson, 2015) analyzed the branchial musculature of anguilliform taxa. The authors found new characters within this muscles that helped them clarify the relationships of the families within Anguilliformes, as well as new synapomorphies in the branchial arches, both of musculature and osteological nature.
The muscles associated with the branchial region are intimately associated with ventilation and feeding in aquatic vertebrates. Daniel (1934) divided this musculature in three groups among chondrichthyans: the constrictors (seven dorsal and seven ventral muscles), the interarcuals (named epibranchials by Miyake et al, 1992; Goto, 2001) coracohyoideus (associated with the hyoid arch) and all the m. coracobranchiales (associated with the branchial arches). Daniel's (1934) work has been used as one of the primary references in studies of muscles, and his definition of branchial muscles is followed here; therefore, the m. spinalis is not described herein, although it does insert onto the first pharyngobranchial.
Objectives
This study aims to describe and analyze, in a phylogenetic context, the visceral musculature associated with the branchial arches in galeomorph sharks, and to present characters that help to further elucidate the interrelationships of galeomorph orders. This is aimed on the light of the help provided by this musculature on other taxa.
More specific phylogenetic questions include: to verify if characters from the visceral musculature associated with the branchial arches provide evidence that help clarify the phylogenetic relationships between Heterodontiformes and Orectolobiformes with other galeomorph orders and between the Carcharhinidae and Sphyrnidae; to verify if characters of the visceral arch muscles support other, less inclusive galeomorph clades.
A formal cladistic analysis of a data matrix was beyond the scope of the present project. The characters detailed below are inferred to be possible synapomorphies, but further phylogenetic analyzes are necessary to corroborate these conclusions. Yet, the present study suggests that characters from the branchial musculature are useful to help elucidate relationships among galeomorph sharks. Also, mitsukurinids and alopiids share the crescent shape of the brachial arch adductor and a single trapezial ramus, whereas lamnids and odontaspidis share the triangular shape of the adductor and two rami on the m. trapezius. The proposed interrelationships within lamniforms does not agree with the molecular phylogenetic proposal of Naylor et al. (2012) , since it is proposed in this molecular work that Alopiidae is closely related to Pseudocarchariidae and Odontaspis (not seen on the present work), whereas Lamnidae is closely related to Carcharias.
There is also disagreement with the proposal present in the study of Wilga (2005) , and no groups proposed in that study is recovered herein. 
